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Human vagal baroreflex mechanisms in space
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Although astronauts’ cardiovascular function is normal while they are in space, many have
altered haemodynamic responses to standing after they return to Earth, including inordinate
tachycardia, orthostatic hypotension, and uncommonly, syncope. Simulated microgravity
impairs vagal baroreceptor—cardiac reflex function and causes orthostatic hypotension. Actual
microgravity, however, has been shown to either increase, or not change vagal baroreflex gain.
In this study, we tested the null hypothesis that spaceflight does not impair human baroreflex
mechanisms. We studied 11 American and two German astronauts before, during (flight days
2-8), and after two, 9- and 10-day space shuttle missions, with graded neck pressure and suction,
to elicit sigmoid, vagally mediated carotid baroreflex R-R interval responses. Baseline systolic
pressures tended to be higher in space than on Earth (P =0.015, repeated measures analysis
of variance), and baseline R-R intervals tended to be lower (P = 0.049). Baroreceptor—cardiac
reflex relations were displaced downward on the R—R interval axis in space. The average range
of R-R interval responses to neck pressure changes declined from preflight levels by 37%
on flight day 8 (P =0.051), maximum R-R intervals declined by 14% (P = 0.003), and vagal
baroreflex gain by 9% (P = 0.009). These measures returned to preflight levels by 7-10 days after
astronauts returned to Earth. This study documents significant increases of arterial pressure
and impairment of vagal baroreflex function in space. These results and results published earlier
indicate that microgravity exposure augments sympathetic, and diminishes vagal cardiovascular
influences.
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two additional astronauts could stand, but experienced

Introduction dizziness by the end of 10 min of standing (Buckey et al.

Prior to the first space mission, scientists predicted that
exposure to microgravity would lead to failure of critical
organ systems, including particularly, the cardiovascular
system. Although the first human in space, the Soviet
cosmonaut Uri Gagarin, returned to Earth from an 89 min
orbital mission with no apparent disability, the ninth man
in space, the American astronaut Wally Schirra, returned
after 9h 13 min in space and reported dizziness upon
standing up. Orthostatic symptoms occur commonly
after space missions (Fritsch et al. 1992). Indeed, fully
9 of 14 astronauts (including seven of the astronauts we
studied) could not stand motionless for 10 min without
experiencing symptoms of dizziness or presyncope, and
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1996).

Since experimental baroreceptor denervation causes
profound orthostatic hypotension (Persson ef al. 1988),
many studies have sought a contribution of baroreflex
impairment to the orthostatic hypotension seen after
exposure to microgravity or its terrestrial analogues. In
one study (Convertino et al. 1990), we showed that
weightlessness, as simulated by prolonged head-down
bed rest (Kakurin et al. 1976), provokes post-bed rest
orthostatic intolerance, in proportion to the reduction
of vagally mediated carotid baroreceptor—cardiac reflex
gain that also occurs. Subsequently, we showed that
actual microgravity reduces baroreflex gain in astronauts
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studied before and after space missions (Fritsch et al.
1992; Fritsch-Yelle ef al. 1994). On landing day, however,
astronauts may be excited, fatigued and sleep-deprived;
they may have been given pharmacological agents; they
may have been given salt and fluid prior to landing (which
may induce vomiting); and they may have lost body mass
(presumably, fluid) acutely during the return to Earth
(Drummer et al. 2000).

Thus, although data obtained before and after space
missions support conclusions drawn from studies of
volunteers before and after simulated weightlessness,
they leave open the question, Are human baroreflexes
impaired during space missions, under more controlled
conditions than those that obtain on landing day? A
recent study (Di Rienzo et al. 2008) documented supra-
normal vagal baroreflex gain early, and normal gain
late during space missions. Another (Beckers et al.
2009) reported no significant change of vagal baroreflex
function in space. We conducted our study to test the
null hypothesis that spaceflight does not impair human
baroreflex mechanisms. Our study differs from others
conducted on astronauts in space, in that we report data
from 13 astronauts — a larger number of subjects than
studied heretofore.

Methods
Subjects and missions

We studied 11 male and two female astronauts during two
space shuttle missions: the 9-day Spacelab Life Sciences-1
mission (SLS-1), and the 10-day second German Spacelab
mission (D-2) — missions STS-40 and STS-55 of the space
shuttle Columbia. The Institutional Review Boards of
the Hunter Holmes McGuire Department of Veterans
Affairs Medical Center, the Medical College of Virginia
at Virginia Commonwealth University, the German
Aerospace Research Establishment, and the Human
Research Policy and Procedures Committee, National
Aeronautics and Space Administration (NASA) Johnson
Space Center all approved the research protocol, which
conformed with the provisions of the Declaration of
Helsinki. All astronauts gave their written informed
consent prior to participation. All were healthy and had
passed the NASA class III physical examination (Pool et al.
1994). At the time of the missions, the astronauts’ average
age was 40 (range: 31-47) years.

Preflight measurements were made on all subjects
(n=13) 45 or 10 days prior to the launch of the
mission. Inflight measurements were made on flight days 2
(n=12),4(n=11),6 (n=10),and 8 (n=13). Postflight
measurements were made on landing day (n=12), the
day after landing (n=13),and 4 (n=13), 7-10 (n=11),
and 30 (n=29) days after landing.
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Baroreflex test

We studied astronauts in the supine position before
and after the space missions, and the astronauts
studied themselves in the upright position during the
space missions. We recorded the electrocardiogram,
respiration (nasal thermistor, or abdominal bellows
connected to astrain-gauge pressure transducer), and neck
chamber pressure (strain-gauge pressure transducer).
Sphygmomanometric arterial pressures were measured
on Earth by physicians and physiologists, and in space,
by crew members who were fully trained to perform
sphygmomanometry (as well as other aspects of the
research). Three crew members of the SLS-1 mission
were physicians. Blood pressure was measured three times,
before, during and after baroreflex testing, and results were
averaged. Baseline R-R intervals were measured during
held expiration immediately before each neck pressure
sequence (see below), and averaged.

We described the method for studying vagal baroreflex
function earlier (Eckberg & Fritsch, 1993). Each astronaut
wore a custom-made, tightly fitting synthetic rubber
chamber that sealed against the mandible, upper chest
and posterior neck. A stepping motor-controlled bellows
varied pressure within the chamber systematically. After
about 5s of held expiration at a normal end-expiratory
volume, neck pressure increased to about 40 mmHg.
Then, after about 5s at this level, pressure was lowered
by successive 15 mmHg, R-wave triggered decrements,
to about —65 mmHg. Thus, carotid artery dimensions
were reduced (Kober & Arndt, 1970), and then increased
progressively, by negative pressure steps superimposed on
the naturally occurring arterial pulse; the nominal range
of pressure changes was 105 mmHg. Each neck pressure
sequence was applied seven times, and responses were
averaged.

Figure 1 shows astronaut Rhea Seddon studying her
own baroreflexes during the SLS-1 mission, and data from
asecond astronaut recorded before and during flight day 8
of the D-2 mission. In this and other figures, data recorded
in space are shown in red. Figure 1A shows a stylized
neck pressure sequence, and Fig. 1B shows R-R inter-
vals recorded during an actual neck pressure sequence
and telemetered from space. Since abrupt R-R interval
fluctuations reflect changes of vagal-cardiac nerve activity
linearly (Katona et al. 1970), the neck pressure—R—R
interval relation (Fig. 1C) may characterize the entire
classical (Koch, 1931) vagal-cardiac baroreflex relation,
and define threshold, linear and saturation ranges. In
this astronaut, the maximum slope was 5.38 before the
mission, and 2.63 ms mmHg™! on flight day 8 (red). An
earlier Earth-based study (Eckberg et al. 1992) conducted
with similar equipment in 26 healthy subjects studied
twice 10 weeks apart showed that both the stimulus and
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the vagal response to neck pressure changes are highly
reproducible.

Carotid distending pressure was taken as systolic
pressure less neck chamber pressure. We measured
maximum and minimum R-R intervals, the R-R interval
range (maximum minus minimum R-R intervals), and
the maximum slope (derived from linear regression of the
three consecutive data pairs that yielded the greatest slope).
Typically, this sequence overlaps the baseline arterial
pressure, and thus reflects responses to carotid distending
pressure changes above and below baseline levels.

Statistics

Statistical analyses were performed with SigmaStat 3.1
(Systat Software, Point Richmond, CA, USA). We used
one-way repeated measures analysis of variance with
individual (not group) data for data sets that were
distributed normally, and Holm-Sidak pairwise multiple
comparison analysis to identify a group or groups
that differed from others. We used Friedman’s repeated
measures analysis of variance on ranks for data sets
that were not distributed normally and Tukey’s pairwise
multiple comparison test to identify a group or groups
that differed from others.

Due to the similarity of responses 10 and 30 days after
the mission, and the limited number of subjects studied
at 30days (n=9), we excluded 30day data from the
analysis. Since many of the measured parameters appeared
to change in a linear fashion across experimental days, we
analysed individual (not group) data with linear regression
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from preflight through flight day 8, and from flight day
8 through 10days after return. Nearly all results were
normally distributed, and are reported as mean values
=+ 95% confidence intervals.

Results

Figure 2 depicts mean baseline arterial pressures and R—R
intervals and their 95% confidence intervals for all sub-
jects for all sessions. All four sets of data were statistically
significant across experiment days: systolic, diastolic and
pulse pressures tended to be higher than preflight levels
(P=0.015, 0.001, and 0.001), and R-R intervals tended
to be lower (P = 0.049). Mean diastolic pressure (Fig. 2B)
was significantly higher on landing day (*) than on all
other days. Pulse pressure (Fig. 2C) on landing day was
significantly lower than on flight day 8 (*), and pulse
pressure on postflight day 4 was significantly higher than
preflight, landing day and postflight day 1 (**). Mean R-R
intervals (Fig. 2D) were significantly lower on flight day
8 than preflight. The falling R—R interval trend over the
inflight sessions was broken on flight day 4; the punctate
return of mean R-R intervals to the preflight level on this
day was mirrored by baroreflex-mediated R-R interval
changes (see below).

Baroreflex response relations

Figure 3 shows mean pre- and inflight (red) baroreflex
response relations and R-R interval and neck pressure
95% confidence intervals. In general, baroreflex relations
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Figure 1. Baroreflex testing

pressure (mmHg)

The left panel shows astronaut Rhea Seddon performing baroreflex testing on herself during the SLS-1 mission.
The custom-fabricated neck chamber was sealed around the mandible, posterior neck and chest with synthetic
rubber. A, a stylized neck pressure sequence; B, R-R interval responses to the stimulus profile, telemetered from
space; C, baroreceptor stimulus—R-R interval response relations for a different astronaut, studied preflight and on
flight day 8 during the D-2 mission. In this and other figures, data from space are shown in red.
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Figure 2. Mean (+ 95% confidence limits) baseline arterial
pressures and R-R intervals associated with each baroreflex test
Dashed lines indicate preflight averages. Results from repeated
measures analysis of variance are given. The significance of pairwise
differences was determined with the Holm-Sidak test. In panel B:
*diastolic pressure was significantly higher on landing day than on all
other experimental days. In panel C: *pulse pressure was significantly
lower on flight day 8 than preflight, and **significantly higher on
postflight day 4 than preflight, landing day, and postflight day 1. In
panel D: *R-R intervals were significantly lower on flight day 8 than
preflight.

tended to be displaced downwards as the space mission
wore on, and baroreflex ranges and slopes tended to
diminish. On the earliest day in space (flight day 2, Fig. 3A,
red) the baroreflex relation was displaced downward.
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However, on the fourth day in space (Fig. 3B, red), R-R
intervals at the lowest carotid distending pressures were
slightly greater than those recorded preflight. By flight day
8 (Fig. 3D, red), however, the 95% confidence intervals of
R-R intervals at the highest carotid distending pressures
did not overlap those recorded preflight.

Figure 4 summarizes several R-R interval responses to
neck pressure sequences. A prominent feature of these four
panels is that the data inscribe V-shapes: measurements
tended to decline progressively from preflight levels as
the mission wore on, and to increase progressively after
astronauts returned to Earth. Levels of significance were
derived from parametric or non-parametric repeated
measures analysis of variance across study days, and from
linear regression for measurements from preflight to flight
day 8, and from flight day 8 until the last postflight
session. All measurement changes but one (R-R inter-
val range, Fig. 4B, P = 0.051) were statistically significant
across study days. The range of mean R—R interval changes
(Fig. 4B) fell significantly (P =0.005) from 0.178 pre-
flight, to 0.113 s by flight day 8, a 37% reduction, and the
maximum mean R-R intervals (Fig. 4D) fell significantly
(P=0.003) from 1.11 preflight to 0.98 s by flight day 8, a
13% reduction.

Figure 5 shows individual (grey), and mean vagal
baroreflex gains (see Methods) and their 95% confidence
intervals for all subjects for all sessions. As expected
(Eckberg & Kuusela, 2005), individual vagal baroreflex
gains varied widely between individuals and within the
same individual across study days. As with R-R interval
measurements (Fig. 4), the pattern of vagal baroreflex gain
changes tended to be V-shaped. However, changes across
experimental days were not significant (P =0.052). The
regression of vagal baroreflex gain from preflight levels to
flight day 8 was highly significant (Fig. 5, red, P = 0.009).

Discussion

Most astronauts experience symptoms of lightheadedness
when they stand on Earth immediately after space missions
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obscured by the symbols. Open circles, preflight values;
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(Buckey et al. 1996); such abnormal orthostatic responses
may reflect space-induced vagal baroreflex derangement
(Convertino et al. 1990). We studied 13 astronauts before,
during, and after two 8-day space sojourns, and tested
the null hypothesis that spaceflight does not impair
human baroreflex mechanisms. Our results reject this
hypothesis and provide two unique insights into human
autonomic adaptations to space. Exposure to microgravity
(1) systematically reduces vagal baroreflex gain, R—R inter-
val responses to changes of baroreceptor input, and base-
line R-R intervals, and (2) raises baseline arterial pres-
sures. These, and results published previously, provide a
coherent, internally consistent view of human autonomic
responses to space travel: microgravity exposure augments
sympathetic, and diminishes vagal influences.

Numerous approaches have been devised to simulate the
effects of microgravity on Earth; however, itis likely that no
approach faithfully replicates the physiological challenges
of microgravity. Consider sympathetic responses to one
popular microgravity analogue, head-down bed rest
(Kakurin et al. 1976). Head-down bed rest does not alter

A
P=0.064
g
Ew 1.0 -
£
= 0.8 -
B
P=0.005 P=0.051
@ 0.2 4
[ B = =
cw
m S
01
across days
C
Z 9
I e . i) et b
o [y 8 4
=
£ ;] P=0009
E across days
D
E
=
EB
x e
@©
=
E 2 4 6 8 E:s 1 4 7-10
= ; = :
E Inflight day E Postflight day
o o |

Figure 4. Mean + 95% confidence intervals for R-R interval
changes provoked by baroreflex stimuli

Regressions for data from preflight to flight day 8 and from flight day
8 until postflight days 7-10 are shown with corresponding levels of
significance. C, the integrals for all R-R interval responses to stimulus
sequences. *Maximum R-R intervals during baroreflex testing were
significantly lower on flight day 8 than preflight.
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sympathetic activity, as reflected by plasma noradrenaline
levels (Convertino et al. 1990) or directly recorded
muscle sympathetic nerve activity (Pawelczyk ef al. 2001).
Spaceflight, however, augments sympathetic activity, as
reflected by plasma (Norsk et al. 1995; Ertl et al. 2002)
and platelet (Christensen et al. 2005) noradrenaline
concentrations, and whole-body noradrenaline spillover
and muscle sympathetic nerve activity (Ertl et al. 2002).
Therefore, in this discussion we focus on results from
human studies conducted in space.

Baseline haemodynamic measurements in space

It is surprising that after nearly a half century of manned
spaceflight, there is disagreement over how space travel
affects simple resting haemodynamic measurements. As
others have discussed (Baevsky et al. 2007; Di Rienzo et al.
2008; Verheyden et al. 2009), much of this disagreement
arises from the experimental conditions that obtain on
Earth and in space. On Earth, the supine position may
most closely replicate conditions in space: autonomic
mechanisms are materially altered when supine subjects sit
orstand (Pickering efal. 1971; Burke et al. 1977; Norsk et al.
2006). Therefore, differences between data from space and
data from Earth, recorded with subjects sitting (Verbanck
et al. 1997; Norsk et al. 2006), semi-supine (Baevsky et al.
2007), or standing (Shykoff et al. 1996; Migeotte et al.
2003; Beckers et al. 2009) are difficult to interpret.

Four groups compared R-R intervals and arterial pre-
ssures recorded in space with those recorded on Earth, with
subjects unambiguously in the supine position. Shykoff
etal. (1996) and Migeotte et al. (2003) and their coworkers

/ P = 0.052 across da;s

Vagal baroreflex gain
(ms/mmHg)

£ 2 4 6 8 21 4710
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Figure 5. Mean * 95% confidence intervals and individual
(grey) vagal baroreflex gains for all subjects for all
experimental sessions

Regression of baroreflex gains from preflight to flight day 8 was highly
significant (P = 0.009). Individual data illustrate the great variability of
vagal baroreflex gain among healthy subjects.
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studied groups of six and four astronauts, and found no
significant difference between R-R intervals measured on
Earth and in space. Cox et al. (2002), who studied the
same four astronauts as Migeotte, reported insignificant
reductions of baseline R—R intervals and increases of
arterial pressures in space.

Verheyden et al. (2009) studied 11 astronauts, and
reported that baseline heart rates and blood pressures are
comparable in space and on Earth. We are not certain why
this conclusion, drawn from a relatively large cohort of
astronauts, differs from our own. One possibility is that
the astronauts Verheyden studied were in better physical
condition in space than they were on Earth. In space,
astronauts exercised for up to 2h, three out of four
days, but on Earth, they did not follow any set exercise
programme. Since exercise training lowers resting heart
rate and blood pressure (Kingwell et al. 1992), responses
to training may have prevented the heart rate and blood
pressure increases that we observed in space.

Arbeille et al. (2001) studied Russian astronauts and
reported that their mean R-R intervals declined by 11%
by the end of the first week in space. We confirm this result,
and also document an average R-R interval reduction of
11%. In our study, mean R-R intervals, with the exception
of flight day 4, were consistently below preflight levels
(Fig. 2D, P =0.049). Shortened R-R intervals in space
may reflect diminished vagal-cardiac nerve activity; when
arterial pressure is varied pharmacologically, R-R inter-
vals provide a more faithful estimate of changing levels
of vagal-cardiac nerve activity than respiratory-frequency
R-R interval fluctuations (Eckberg et al. 1988). We extend
Arbeille’s study by showing that arterial pressures are
increased in space (Fig. 2).

Our baseline measurements and those of Arbeille et al.
(2001) speak to concerns expressed by others regarding
‘paradoxical’ results obtained in space. Verheyden et al.
(2009) and Norsk et al. (2006) and their coauthors could
not reconcile findings of increased sympathetic nerve
activity and vasopressor hormone levels in space with their
conclusions that the ‘circulation [is] chronically dilated’
or ‘relaxed’ in space. Changes of arterial pressure, heart
rate, and cardiac output in space are not paradoxical
when they are compared with measurements made in the
supine position on Earth. The combination of increased
blood pressure (Fig.2A), increased sympathetic activity,
however measured (Kvetnansky et al. 1991; Norsk et al.
1995; Ertl et al. 2002), increased systemic (Norsk et al.
2006) and calf (Watenpaugh et al. 2001) vascular
resistance, increased levels of vasopressor hormones
(Norsk et al. 1995), reduced cardiac outputs (Arbeille
et al. 2001), and reduced R-R intervals (Fig.2D) and
vagal baroreflex responsiveness (Figs 3-5) are internally
consistent. Space travel augments sympathetic and reduces
vagal cardiovascular influences.

D. L. Eckberg and others
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Vagal baroreflex mechanisms in space

Two studies (Iellamo et al. 2006; Beckers et al. 2009)
evaluated the vagal baroreflexes of nine astronauts in space,
and in the supine position on Earth, and showed no
significant change of baroreflex gain in space. We report
a different result: in 13 astronauts, vagal-cardiac reflex
relations shifted progressively downward (Fig. 3),and R—R
interval responses to baroreceptor stimulation (Fig. 4) and
baroreflex gains (Fig. 5) fell during 8 days in space. These
changes paralleled reductions of baseline R-R intervals
(Fig. 2). The study of Di Rienzo et al. (2008) of vagal
baroreflexes in space is not comparable to ours, in that
these authors made their observations on Earth with sub-
jects in the sitting position. However, one result from
their study is relevant to our own observations: in space:
baroreflex gains were significantly greater early than late
during the mission. We confirmed this observation and
documented a highly significant (Fig. 5, P = 0.009) down-
ward trend of baroreflex gains as the duration of micro-
gravity exposure lengthened.

Our observations in humans are complemented by
studies of Shimizu and his colleagues (Yamasaki et al.
2004a,b; Waki et al. 2005) in animals. They showed that
in developing rats, the proportion of unmyelinated aortic
depressor nerve fibres and their numbers are diminished
by spaceflight. Moreover, aortic nerve activity triggered
by arterial pressure elevations, and baroreflex-mediated
heart rate responses are less in animals flown in space
than in animals on Earth, and they have higher baseline
heart rates. Importantly, 30 days after landing, differences
between baroreflex responses of animals flown in space
and animals studied on Earth were no longer significant.

Potential physiological bases for autonomic changes
in microgravity

Blood volume. Red cell mass, and plasma and blood
volumes decline within the first day after astronauts enter
microgravity, and stay at subnormal levels as long as
astronauts remain in space (Alfrey et al. 1996). Hypo-
volaemia in space is sufficient to explain several important
haemodynamic responses to microgravity, including
reductions of left ventricular diastolic volume (9%),
stroke volume (17%), and cardiac output (8%, Arbeille
et al. 2001). Left ventricular stroke volume reductions
reduce carotid artery pulsations (Hastings et al. 2007),
and increase muscle sympathetic nerve activity (Levine
et al. 2002; Convertino & Cooke, 2002; Charkoudian
et al. 2005). Cardiac output reductions appear to increase
muscle sympathetic nerve activity (Charkoudian et al.
2005). Increased sympathetic activity opposes vagal heart
rate inhibition (Taylor et al. 2001) and vagal baroreflex
responses (Eckberg et al. 1976).
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Vestibular. Most astronauts experience motion sickness
in space (Davis et al. 1988), and display altered vestibular
function following space missions (Young et al. 1993;
Merfeld, 1996; Clément et al. 2007). In an elegant
series of experiments conducted on rats flown in space,
Ross (1993; 1994; 2000) reported significantly increased
numbers of ribbon synapses and sphere-like ribbons in
hair cells of utricular maculae. These changes correlated
with functional disability when rats returned to Earth.
In humans, vestibular stimulation increases muscle
sympathetic nerve activity (Ray, 2000), and contributes
to autonomic responses to upright posture (Sauder et al.
2008). Conceivably, upregulation of vestibular receptors
in space helps to maintain normal sympathetic baroreflex
responses to upright posture following spaceflight (Levine
etal. 2002).

Muscle. Antigravity muscles atrophy in space (Riley
et al. 1996). Muscle atrophy is likely to increase central
command (greater effort must be expended to perform
the same work with weakened muscles), and may also
alter mechano- and metaboreceptor afferent responses
to exercise (Tipton, 2003). However, if muscle atrophy
influenced our results, the effect was likely to have been
small: Fu et al. (2002) showed that arterial pressure,
heart rate, and muscle sympathetic nerve responses to
handgrip followed by forearm ischaemia are normal in
space. Although we are aware of no studies of human
forearm muscle mass in space, it is likely that forearm
muscles respond to reduced levels of exertion duringlifting
in space, by atrophying. Physical detraining, including that
caused by bed rest, itself may provoke parallel reductions
of vagal baroreflex responses and baseline R-R intervals
(Hughson et al. 1994).

Limitations

The challenges attending attempts to perform meaningful,
scientifically valid research on humans in space are
daunting. Arguably, the largest of these is the often very
small number of subjects who can be studied (this issue
was encapsulated by Pawelczyk (2006) in his Perspectives
article, ‘Big concepts small N’). Although we studied
baroreflex function in more astronauts (#z = 13) than other
authors, we cannot exclude the possibility that some of our
negative results reflect S-statistical errors. Similarly, we are
unable to draw meaningful conclusions regarding possible
sex differences in responses to microgravity (Harm et al.
2001); we studied only two women, and during some
experimental sessions, only one. A second limitation is that
vagal baroreflex gain fluctuates hugely in healthy humans,
from moment-to-moment, and from day-to-day (Eckberg
& Kuusela, 2005; Westerhof et al. 2006). This problem can
be mitigated if the number of subjects is large enough;
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indeed, we (Eckberg ef al. 1992) showed that with an n of
26, responses to the vagal baroreflex provocation we used
are highly reproducible.

Clinical implications

Autonomic responses to microgravity may have important
functional consequences for astronauts after they return
to Earth. Convertino et al. (1990) reported strong
correlations among vagal-cardiac baroreflex impairment,
heart rate increases in the upright position, and the
occurrence of presyncope in subjects after prolonged
head-down bed rest. Fritsch et al. (1992) found a strong
correlation between subjects’ operating positions on their
sigmoid carotid baroreflex relations and the occurrence of
presyncope after spaceflight. Our results may also have
implications for patients. Heart disease impairs vagal
baroreflex responses (Eckberg et al. 1971; Sopher et al.
1990), and impaired baroreflex responsiveness constitutes
a major risk factor for death after myocardial infarction
(LaRovere et al. 1998), including particularly, dysrhythmic
sudden death (Billman et al. 1982).

In conclusion, we evaluated vagal baroreflex responses
of astronauts before, during and after two space missions,
and tested the null hypothesis that spaceflight does not
impair human baroreflex mechanisms. We show that
vagal baroreflex gain and baroreflex-triggered R-R inter-
val responses steadily decline from preflight levels during
exposure to microgravity, and return to preflight levels
by 10days after astronauts return to Earth. Baseline
R-R interval reductions and arterial pressure increases
paralleled degradation of vagal baroreflex responses.
Our results are consistent with other studies of human
responses to microgravity, and point to reduced vagal,
and enhanced sympathetic influences in space.
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